The structure-specific DNA-binding protein HMGB1 (highmobility group protein B1) which comprises two tandem HMG boxes (A and B) and an acidic C-terminal tail, is acetylated in vivo at Lys 2 and Lys 11 in the A box. Mutation to alanine of both residues in the isolated A domain, which has a strong preference for pre-bent DNA, abolishes binding to four-way junctions and 88 bp DNA minicircles. The same mutations in fulllength HMGB1 also abolish its binding to four-way junctions, and binding to minicircles is substantially impaired. In contrast, when the acidic tail is absent (AB di-domain) there is little effect of the double mutation on four-way junction binding, although binding to minicircles is reduced ∼ 15-fold. Therefore it appears that in AB the B domain is able to substitute for the non-functional A domain, whereas in full-length HMGB1 the B domain is masked by the acidic tail. In no case does single substitution of Lys 2 or Lys 11 abolish DNA binding. The double mutation does not significantly perturb the structure of the A domain. We conclude that Lys 2 and Lys 11 are critical for binding of the isolated A domain and HMGB1 to distorted DNA substrates.
INTRODUCTION
Protein acetylation plays a critical role in the control of gene transcription. This is effected through modulation of chromatin packaging by histone acetylation or through acetylation of general and specific transcription factors and other non-histone proteins, including acetylases [1] . Acetylation may act to either increase or decrease the strength of DNA interactions, the ability to activate transcription or protein stability [1] [2] [3] . HMGB1 [HMG (highmobility group) box 1], which is acetylated at Lys 2 and Lys 11 (Lys 2 is the main acetylation site) in calf thymus [4] , has many roles in cellular DNA transactions, and acetylation could, in principle, regulate these. HMGB1 has been implicated in DNA replication, recombination and repair, as well as in transcription. It may act by destabilization of chromatin structure and/or by facilitating the binding of sequence-specific transcription factors to their cognate DNA, which can also occur in vitro in a non-chromatin context (reviewed in [5] [6] [7] [8] ). These effects are likely to be mediated by the ability of HMGB1 to bend DNA, which is primarily a property of the B domain [9, 10] , and to bind to bent/distorted DNA, for which the A domain has a particularly high affinity [10, 11] . Lys 11 is situated in the N-terminal extended strand of the A domain HMG box. This segment of the protein interacts with helix III in the 'long arm' of the L-shaped structure. NMR chemicalshift perturbation mapping shows that the A box binds DNA through its concave face [12] , as in the case of other HMG boxes whose structures have been solved in complex with various DNAs [13] [14] [15] [16] [17] . The only high-resolution information for the A domain bound to DNA comes from the crystal structure of the A box in complex with a cisplatin-modified oligonucleotide, in which the single intercalating residue in the A domain [7] , Phe 37 , inserts into the kink in the pre-bent DNA [18] . The ε-amino group of Lys 11 makes an electrostatic contact with a DNA phosphate, presumably stabilizing binding of the HMG-box domain; Lys 2 is not represented in the electron density map, presumably due to the lack of defined structure, which starts at residue 9 [12, 19] .
Electrostatic interaction of the ε-amino groups of Lys 2 and Lys 11 with DNA phosphates would be abolished by acetylation. To address specifically the question of whether such interactions play a major role in binding of the A domain of HMGB1 to distorted DNA (its preferred substrate), we mutated Lys 2 and Lys 11 to alanine residues in the isolated A domain, the AB didomain and full-length HMGB1 ( Figure 1 ). We examined the mutants in several assays used extensively in our earlier studies on the wild-type domains and HMGB1 [10, 11, [21] [22] [23] 6 To whom correspondence should be addressed (email jot1@bioc.cam.ac.uk). Positions of the α-helices in the NMR structure of the isolated A domain [12] are shown above its sequence. The lysine residues mutated to alanine are underlined. (c) Structure of the A domain of rat HMGB1 ( [12] ; structure closest to the mean) showing the side chains of the lysine residues reported to be acetylated in HMGB1 in vivo. The drawing was generated using MOLSCRIPT [20] . 
EXPERIMENTAL

Generation of lysine to alanine mutants of the A domain, AB di-domain and HMGB1
The single and double mutants in the isolated A domain, the AB di-domain and HMGB1, are termed A(K2A), A(K11A) and A(K2,11A); AB(K2A), AB(K11A) and AB(K2,11A); and HMGB1(K2A), HMGB1(K11A) and HMGB1(K2,11A). The corresponding plasmids were generated by QuikChange ® mutagenesis (Stratagene) from the pT7-7 plasmids encoding the wildtype A domain [12] , AB di-domain [21] and HMGB1 [25] , and the plasmid sequences were verified by automated DNA sequencing (DNA Sequencing Facility, Department of Biochemistry, University of Cambridge, Cambridge, U.K.). The wild-type and mutant proteins were expressed in Escherichia coli BL21(DE3) and purified essentially as described previously [12, 21, 25] . Protein concentrations were determined by automated amino acid analysis (Protein and Nucleic Acid Facility, Department of Biochemistry, University of Cambridge, Cambridge, U.K.).
CD spectroscopy
Proteins (∼ 10 µM final concentration; accurate concentrations determined by amino acid analysis) were dialysed into 10 mM sodium phosphate (pH 7), containing 75 mM NaCl. CD spectra were recorded at 20
• C over the range 195-260 nm with measurements every 0.5 nm on a Jobin Yvon CD6 Dichrograph in cuvettes with a 1 mm path length. The spectra represent an average of five scans, which were processed for base-line subtraction using the software provided by the manufacturer. grown at 37
• C in Mops minimal medium containing 9 mM 15 NH 4 Cl and 1 % 15 N-labelled Celtone ® (Martek) and purified as described previously [12] . The proteins were dialysed into 10 mM sodium phosphate (pH 6.8), 100 mM NaCl, 0.5 mM DTT (dithiothreitol), 0.1 mM EDTA and then concentrated using a Centricon centrifugal filter device (M r cut-off 3000).
2 H 2 O was added to 10 % (v/v). The concentration of the wild-type A domain was 1.7 mM and the concentration of A(K2A) was 1.3 mM, determined by automated amino-acid analysis. Two-dimensional 1 H-15 N HSQC (heteronuclear single-quantum coherence) spectra were acquired at 15
• C on a Bruker DRX500 spectrometer. 128 (t 1 ) × 1024 (t 2 ) complex points were acquired in the t 1 and t 2 dimensions to give acquisition times of 123.8 ms (t 1 ) and 102.4 ms (t 2 ) respectively. Earlier A domain assignments [12, 21] were used to compare the wild-type A domain and C22S domains with A(K2,11A). Where possible, chemical-shift differences between the wild-type and mutant proteins were confirmed by reference to a single two-dimensional 1 
Binding to four-way junction DNA
The four-way junction, with 15-bp arms, was assembled as described previously [11] . [ 32 P]-End-labelled four-way junction DNA (∼ 2.5 nM) was incubated with increasing amounts of protein in 10 µl of 20 mM Hepes (pH 7.5), 200 mM NaCl, 10 mM KCl, 10 mM MgCl 2 , 1 mM spermidine, 1 mM DTT, 0.2 mg/ml BSA, 10 µg/ml sonicated calf thymus DNA and 3 % (w/v) Ficoll for 15 min at 23
• C [22] . Samples were analysed by electrophoresis at 150 V for ∼ 2 h at 4
• C in 8% polyacrylamide gels containing 0.5 × TBE (1 × TBE is 89 mM Tris, 89 mM boric acid and 2 mM EDTA), which had been pre-run at 50 V overnight or at 150 V for at least 30 min at 4
• C. Vacuum-dried gels were exposed to X-ray film at − 70
• C (for A domain, AB di-domain and mutants) or to a storage phosphor screen (for HMGB1 and mutants), which was imaged using a Storm 840 scanner.
Binding to 88 bp DNA minicircles [ 32 P]-Labelled 88 bp DNA minicircles were generated as described previously [22, 23] . The circles (0.02-0.03 nM) were incubated with various amounts of protein in a final volume of 10 µl containing 20 mM Hepes (pH 7.9), 50 mM KCl, 2 mM MgCl 2 , 1 mM DTT, 0.1 mg/ml BSA and with 5 % glycerol (for the A domain, AB di-domain and mutants) or 3 % Ficoll (for HMGB1 and mutants) at 23
• C for 15 min. Samples were analysed by electrophoresis at 4
• C in pre-run (see above) 8 % polyacrylamide gels containing 0.5 × TBE at 150 V for ∼ 3 h. Vacuum-dried gels were exposed to X-ray film (Konica) with intensifying screens overnight at − 70
• C.
Acetylation assay
The acetyltransferase domain of CBP (residues 1099-1758) was expressed as a GST (glutathione transferase)-fusion protein in E. coli BL21(DE3) and purified from lysed cells on glutathioneSepharose beads [26] . The beads with bound GST-CBP (10 µl) were incubated for 1 h at 30
• C in a total volume of 40 µl of 50 mM Tris/HCl (pH 8), 150 mM NaCl, 5 mM EDTA, 0.5 % (v/v) Nonidet P40, 0.1 mM PMSF with 2 µg of the A domain and 5 µg of the AB di-domain and HMGB1. Reactions were initiated by the addition of 0.8 µCi of [ 3 H]acetyl-CoA (3.7 kBq; 78.1 GBq mmol −1 ; NEN) and stopped after 1 h by transfer to 2 × SDS-gel sample buffer in a boiling water bath. The products were resolved in SDS/PAGE (18 % gels) [27] and visualized by fluorography using Amplify TM reagent (Amersham) and X-ray film (Konica).
RESULTS
Lys
2 and Lys 11 ( Figure 1b ) were mutated to alanine, either separately (K2A and K11A) or together (K2,11A) in the isolated A domain (Figure 1c) , the AB di-domain and full-length HMGB1. Nine mutant proteins were generated (Figure 1d ): A(K2A), A(K11A) and A(K2,11A); AB(K2A), AB(K11A) and AB(K2,11A); and HMGB1(K2A), HMGB1(K11A), and HMGB1(K2,11A). Recombinant wild-type and mutant proteins were expressed in E. coli and purified (Figure 1d ) as described previously for the A domain [12] , AB di-domain [21] and fulllength HMGB1 [25] . The effect of the double mutation on the isolated A domain structure was checked by CD spectroscopy and two-dimensional NMR spectroscopy. Gel-retardation assays were used to assess the effects of the mutations on the ability of the proteins to bind to two preferred DNA substrates for the A domain (88 bp DNA minicircles and four-way junction DNA).
The K2,11A double mutation has no significant effect on the secondary or tertiary structure of the A domain of HMGB1 CD spectra indicated that there were no significant changes in the secondary structure of the double mutants of the A domain, either as the isolated domain (residues 1-83) or when linked to the B domain (as the AB di-domain; residues 1-164) (Figure 2a) , which was as expected since the A and B domains do not interact [21] . Since the side chain of Lys 11 interacts with Tyr 70 and Asp 66 in the 'secondary hydrophobic core' that stabilizes the long arm of the HMG box [12] , we looked for possible tertiary structural changes by NMR spectroscopy. HSQC spectra of 15 N-labelled wild-type A domain and the double mutant A(K2,11A) were compared (Figure 2b ), using as reference the previously assigned spectrum [12] of the A domain (C22S mutant). Apart from the two mutated residues, the only significant chemical-shift changes were those in residues adjacent to Lys 2 and Lys 11 in the primary or tertiary structure, indicating that the structure of the domain is essentially unaffected by the mutations. In particular, the secondary hydrophobic core is not significantly disrupted, as confirmed by a two-dimensional-NOESY spectrum. Moreover, the spectrum also shows a longrange NOE (nuclear Overhauser effect) from the H N of Tyr 70 to the methyl group of the newly introduced alanine at position 11 in the K2,11A mutant (Figure 2c) , showing that the alanine side chain in the double mutant packs against Tyr 70 as does the lysine side chain in the wild-type domain. Any changes in DNA-binding properties as a result of the lysine to alanine mutation can therefore reasonably be attributed to charge removal at the affected positions and not to structural changes in the protein.
Effect of K2A and K11A mutation on binding of the isolated A domain, the AB di-domain and HMGB1 to four-way junction DNA Previous studies have shown that the A domain has a stronger preference than the B domain for four-way junction DNA [10] and that binding of the AB di-domain of HMGB1 to four-way junction DNA is mediated by the A domain, although in the absence of the A domain the isolated B domain will bind in much the same way [11] . To assess whether the positively charged ε-amino groups of Lys 2 and Lys 11 are important for HMGB1/fourway junction interaction, binding of wild-type and mutant A domain, AB di-domain and full-length HMGB1 was studied using gel-retardation assays (Figure 3) . Binding of the A domain was abolished in the A(K2,11A) double mutant (Figure 3a) but the single K2A and K11A mutations had essentially no effect. Mutation of either Lys 2 or Lys 11 in the isolated A domain can thus be tolerated, but when both are mutated, binding is abolished, suggesting possible overlap in function between the two lysine residues.
In contrast with the A domain double mutation, mutation of both Lys 2 and Lys 11 in the AB di-domain does not appear to affect junction binding (Figure 3b ), presumably because, in the absence of a functional A domain, the di-domain binds through the B domain (cf. [11] ); the presence of the B domain must also account for the binding of a second AB molecule, presumably to the junction arms, even when the A domain is doubly mutated. On the other hand, for full-length HMGB1 the sensitivity to mutation more closely resembles that of the isolated A domain (Figure 3c ). Mutation of both Lys 2 and Lys 11 abolished HMGB1 binding, which is already weaker than that of the A domain and, especially, that of the AB di-domain, due to the acidic tail. Thus the B domain is not able to substitute for the A domain in four-way junction binding when the acidic tail is present. Single mutation of either Lys 2 or Lys 11 in HMGB1 reduces the (already relatively weak) affinity somewhat relative to the wild-type protein (Figure 3c ). (Figure 4 ). The double mutation abolished A domain binding (Figure 4a, bottom) , as for four-way junctions (Figure 3a) , and in this assay the K11A mutation alone resulted in an approx. 15-fold reduction in affinity, as judged by the protein concentration required for shift of approx. 50 % of the DNA into complex(es), and also prevents the association ('doubling up') of complexes to form the slowly migrating bands (indicated by an asterisk) seen for the wild-type A domain as discussed previously [23] . The Lys 2 mutant was not tested. The two shifted bands (complexes C1 and C2) for the wild-type A domain and the K11A mutant correspond to one or two molecules bound (nonco-operatively) per DNA minicircle.
The AB di-domain (Figure 4b ) binds more tightly than the isolated A domain, and mutation of both Lys 2 and Lys 11 together in the di-domain reduces the affinity significantly (and again abolishes the 'doubling up' seen for the wild-type complexes), but does not abolish binding, presumably again due to compensatory binding by the B domain when the A domain is mutated. Mutation of Lys 11 alone in the AB di-domain causes a reduction in binding similar to that seen for the A domain, showing that the A domain does contribute to binding of AB; the Lys 2 mutant was not tested. Two molecules of the AB(K11A) mutant bind highly cooperatively to the minicircle DNA (C2 complex only), the co-operativity being somewhat reduced in the double mutant (some intermediate C1 complex as well as C2).
In the case of the weaker binding of full-length HMGB1 to minicircles (Figure 4c ), the double mutation [i.e. in HMGB1(K2,11A)] led to significant destabilization of the complexes under the conditions of electrophoresis, as judged from smearing of the bands (lanes 8-10), but did not abolish binding [in contrast with the effect on the ∼ 10-fold weaker binding to the four-way junction (Figure 3c) ]. Mutation of either Lys 2 or Lys 11 of HMGB1 individually to alanine has only a small effect on binding to minicircles.
There is little effect of double or single mutations of Lys 2 and Lys 11 on the ability of the AB di-domain or HMGB1 to bend an 88 bp DNA fragment, as judged by the formation of minicircles in the presence of ligase [21] (results not shown). This is not altogether surprising since the isolated A domain, with only one intercalating residue [7] , bends DNA poorly compared with the B domain [9, 10] . DNA bending by AB and HMGB1 is thus due primarily to the B domain, probably with some electrostatic stabilization of binding by the A domain.
Acetylation of wild-type and mutant A, AB and HMGB1 by CBP
The enzyme(s) that acetylate Lys 2 and Lys 11 of HMGB1 in vivo have not been identified. In vitro, CBP was found to be more effective than PCAF (p300/CBP-associated factor) or Tip60 in acetylating HMGB1 and proteolysed products lacking the Cterminal tail (approximately the AB di-domain) [24] . Comparison of wild-type and mutant A domains as substrates for the catalytic domain of CBP in vitro (Figure 5a) showed that the K2A mutant cannot be acetylated (autoradiogram, lane 2), whereas the K11A mutant (lane 3) is acetylated to the same extent as the wild-type protein (lane 1); acetylation of the A domain thus occurs specifically at Lys 2 . Acetylation of HMGB1 was again completely abolished by mutation of Lys 2 to alanine but unaffected by mutation of Lys 11 ( Figure 5c ). The catalytic domain of CBP thus acetylates HMGB1 specifically at Lys 2 , as reported for full-length CBP [24] . The less efficient acetylation of HMGB1 (Figure 5c , lane 1) than of the A domain (Figure 5a, lane 1) is probably due to masking of the A domain by the acidic tail [28] .
The same general effect is seen for the AB di-domain, with mutation of Lys 2 having a large effect on acetylation and of Lys 11 essentially none (Figure 5b ). However, AB(K2,11A) (lane 4) does show a low level of acetylation elsewhere in the molecule.
Comparison of the acetylation of various protein constructs (results not shown) suggests that this occurs either in the inter-box linker (TKKK 87 ) or, more likely, in the basic region after the B box (which in HMGB1 connects to the acidic tail). Pasheva et al. [24] showed that, although full-length CBP acetylated HMGB1 at Lys 2 only, in the absence of the tail, acetylation also occurred at Lys 81 in the sequence PKG; Lys 2 and Lys 11 occur in the context GK(X). We do not find Lys 81 to be acetylated by the catalytic domain of CBP in the isolated A domain (residues 1-83) (Figure 5a , lane 4), or in an extended A domain (1-89) (results not shown) and at face value it appears to require either the presence of the attached B domain or full-length CBP (or both). Lys 81 has not been reported to be an in vivo acetylation site in HMGB1, even in cells grown in the presence of deacetylase inhibitors [29] , and the significance of its acetylation by CBP in vitro, in the absence of the acidic tail, is unclear. However, at the very least it supports the now well-established view that the tail interacts extensively with the rest of the protein (HMG boxes and linkers) [28, [30] [31] [32] [33] .
DISCUSSION
We have used a site-directed mutagenesis approach to determine whether the two lysine residues (Lys 2 and Lys 11 ) of HMGB1 that are known to be acetylated in vivo play a role in binding of HMGB1 to its preferred substrates (distorted DNAs) in vitro, specifically four-way junctions and minicircles. The rationale was that if they did, via electrostatic interaction, then acetylation of these residues might well be expected to regulate DNA binding in vivo. Since the acetylase for Lys 11 is not known, and it was difficult to generate material stoichiometrically acetylated at Lys 2 using CBP (and the AB di-domain showed some acetylation by CBP other than at Lys 2 and Lys 11 , which would complicate the issue), the route that we adopted to study the role of the acetylatable residues was mutagenesis of the lysine residues to alanine residues. This had no detectable effect on the secondary or tertiary structure of the A domain.
Our earlier NMR studies suggested that the N-terminal strand of the A domain plays an important role in DNA binding, as indicated by large chemical-shift changes upon binding to a 14-bp oligonucleotide [12] ; in particular the resonance due to Lys 11 was shifted (the resonance corresponding to Lys 2 was absent from the spectrum). Moreover, in the only structure of the A domain in complex with DNA [18] , residues Gly 10 -Ser 13 all contact the cisplatinated 16-mer DNA. The side-chain amino group of Lys 11 makes an electrostatic contact with the phosphate of cytosine 15 and thus stabilizes binding, which is directed by insertion of the side-chain of Phe 37 into the kink in the DNA formed by the intrastrand cisplatin cross-link. Lys 2 is again not represented in the electron density, which begins at residue 7.
Insights from mutagenesis of the acetylatable lysine residues
Binding of the isolated A domain to its preferred, distorted DNA substrates is abolished by mutation of both Lys 2 and Lys 11 together to alanine (Figures 3a and 4a) , indicating that these residues play an important role in DNA binding. There are 15 other lysine residues in the A domain, two of which are also in the N-terminal strand (Lys 6 and Lys 7 ). Replacement of Lys 6 and Lys 7 residues with alanine was not tested since they are not acetylated in vivo; if they also contribute to DNA binding, the interaction is evidently not sufficiently strong to sustain binding in the absence of Lys 2 and Lys 11 . Lys 7 is the first residue seen in the electron density for the A domain complexed with cisplatin-modified DNA [18] and, although its side chain is not represented in the electron-density map, it seems plausible from inspection of the structure that the amino group, like that of Lys 11 , could contact a DNA phosphate (it is equidistant from two phosphates).
Strikingly, the effects of the K2,11A double mutation in fulllength HMGB1 are similar to those of the double mutation of the isolated A domain. Binding of HMGB1 to distorted DNA substrates through the A domain therefore has the potential to be regulated by acetylation/deacetylation in vivo. Binding to fourway junctions is abolished (Figure 3c ) and binding to minicircles is significantly weakened (Figure 4c ) by mutation of Lys 2 and Lys 11 together. Since the double mutation completely abolishes binding of the isolated A domain to minicircles, binding of the HMGB1 double mutant to this very high-affinity substrate must occur through the B domain. That this does not occur for four-way junction binding (even though the isolated B domain is known to be able to bind to junctions similarly to the A domain [11] ) suggests that the affinity of the B domain for four-way junctions is lower than that for minicircles and not sufficiently high to overcome competition by the intramolecular interactions of the tail [28, [30] [31] [32] [33] . (A similar explanation has been proposed for the differential effect of the tail on the binding of HMGB1 to linear and four-way junction DNA [33] ). In the most detailed study to date [28] we have mapped the proximal end of the tail broadly to the B box and the distal end to the A box; the B-domain contacts, which include residues on the DNA-binding surface, are thus likely to be relatively stable, and displacement of the tail to allow the B box to bind to DNA requires a high-affinity DNA substrate.
That the B box is able to substitute for a non-functional A domain in binding to distorted DNA is clearly seen when the acidic tail is not present. Compared with the wild-type AB di-domain, binding of the AB(K2,11A) double mutant is either relatively unaffected (four-way junction binding; Figure 3b ) or occurs with reduced affinity (minicircles; Figure 4b ), presumably due to the loss of two positive charges in the A domain. Note that when the A domain is attached and functional, the B domain does not bind to the four-way junction cross-over, and binds in a non-structure-specific manner to a junction arm [11] . Complete removal of the tail has been suggested as a possible means of regulating HMGB1 in vivo [4] , but even in the absence of a specific protease the tail could, in principle, be sequestered from interaction with the boxes in other ways, e.g. via binding of Ca 2+ ions [34] , or conceivably in chromatin by interaction with, for example, core histones [35, 36] .
In summary, by studying the A domain, the AB di-domain and full-length HMGB1 in parallel, we have been able to identify changes in the affinity of the A domain for two distorted DNAs, four-way junctions and minicircles, due to mutation of both Lys 2 and Lys 11 to alanine, and to show that the A domain is similarly affected in the full-length protein. Our results also provide further evidence for shielding of the B domain by the acidic tail in HMGB1 [28] , because the B domain can substitute for the A domain in binding to four-way junctions but only if the acidic tail is absent; in the case of DNA minicircles the presence of the tail weakens binding relative to the AB di-domain although does not abolish it. In no case did single substitution of Lys 2 or Lys 11 abolish binding, suggesting that these residues both contribute to binding of the N-terminal strand of the A domain to DNA.
The effect of Lys 2 and Lys 11 acetylation on HMGB1 binding to DNA Ugrinova et al. [37] reported that HMGB1 in Guerin ascites cells was acetylated specifically at Lys 2 in the sequence GKG, which is also the sequence context of three of the four acetylated lysine residues in the N-terminal tail of histone H4 (in contrast Lys occurs in the sequence GKM), and that acetylation enhanced the affinity for cisplatin-modified DNA by approx. 6-fold [37] . Later Pashera et al. [24] reported that a 70:30 mixture of Lys 2 -acetylated and unacetylated HMGB1 showed a 2.2-fold increase in binding to cisplatinated DNA, although a much smaller increase in affinity for four-way DNA junctions. In a further study [38] , it was shown that HMGB1 mono-acetylated at Lys 2 bound preferentially at DNA ends. Since Lys 2 is not visible in the A domain/cisplatin DNA structure [18] it is not clear whether in this case it forms an electrostatic contact, but any such contact would have to be transient/non-specific rather than stable, otherwise it would have been represented in the structure. It would be surprising if such a contact played a prominent role in binding, although if it did, the contact would indeed be lost upon acetylation. Enhanced affinity would presumably result from new favourable contacts between the acetyl group and cisplatinated DNA whether or not there was an initial electrostatic contact to be broken. Stabilizing effects upon acetylation might arise in a variety of ways: from a subtle conformational change in the A domain (although this seems rather improbable in view of the position of Lys 2 at the distal end of an unstructured region); as a result of hydrophobic interactions between the acetyl methyl group and, for example, a thymine methyl group; or, conceivably, through an organometallic linkage to the platinum atom in the cisplatin-modified DNA (suggested by overlaying the A box structure [12] with the A boxcisplatin DNA complex structure [18] ; results not shown), which would suggest that the enhancement of binding upon acetylation might be specific for this DNA substrate. Clearly, further work is needed to determine the effects of acetylation of the A domain of HMGB1 on binding to different DNA substrates. There are many precedents for acetylation acting in both a positive and negative manner on protein-DNA interaction and protein conformation [2] .
The results described in the present study highlight the importance of Lys 2 and Lys 11 in the interaction of the A domain of HMGB1 with its preferred substrate, distorted DNA. Clearly acetylation could provide a means of regulating this interaction.
